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(57) Upon executing printing by latching an input 
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a heater (401) using a power transistor (410) using an 
nMOSFET on the basis of the latched image signal, a 



voltage converter (111) boosts a voltage representing 
the ON state of the latched digital signal, and applies 
the boosted voltage to the power transistor (410). 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a recording head substrate, a recording head using the recording head substrate, 
and a recording apparatus using the recording head. 

A recording head mounted on a conventional ink-jet recording apparatus has a circuit arrangement, as shown in 
Fig. 10. In such printing head, electro-thermal conversion elements (heaters) and a driving circuit therefor are formed 
on a single sutstrate using the semiconductor process technique, as disclosed in, e.g.. Japanese Patent Laid-Open No. 

10 5-185594. 

Referring to Fig. 10, reference numeral 401 denotes electro-thermal conversion elements (heaters) for generating 
heat energy; 451. power transistors each for supplying a desired current to the corresponding heater 401 ; 502. a shift 
register for temporarily storing image data Indicating whether or not cunrents are supplied to the individual heaters 401 
to eject ink from the nozzles of the recording head; 503. an image data input terminal for serially inputting image data 
15 (DATA) for turning on/off the heaters 401 ; 504. an input terminal provided to the shift register 502 to receive transfer 
clock pulses (CLK); 501 , latch circuits for storing image data (DATA) corresponding to the heaters 401 in units of heat- 
ers; 505. a latch signal input terminal for inputting a latch timing signal (LT) to the latch circuits 501 ; 506, switches for 
determining the supply timings of currents to the heaters 401 ; 452, a power supply line for applying a predeterntned 
voltage to the heaters to supply cunrents; and 453, a GND line into which currents that flowed through the healer 401 
20 and the power transistor 451 flow. 

Note that the number of bits of image data stored in the shift register 502. the number of power transistors 451 , and 
the number of heaters 401 are equal to each other. 

Fig. 1 1 is a timing chart of various signals for driving the recording head driving circuit shown in Rg. 10. 

The operation of the recording head driving circuit shown in Fig. 10 will be described below with reference to Rg. 
25 1 1. A number of transfer clock pulses (CLK) corresponding to the number of bits of image data stored in the shift reg- 
ister 502 is input to the transfer clock input terminal 504. In this case, assume that data is transfened to the shift register 
502 in synchronism with the leading edge of the transfer dock pulses (CLK). and image data (DATA) for turning on/off 
the heaters 401 is input from the image data input terminal 503. 

Since the number of bits of image data stored in the shift register 502. the number of heaters 401 . and the number 
30 of power transistors 451 for current driving are equal to each other, transfer dock pulses (CLK) corresporxling to the 
number of heaters 401 are input to transfer the image data (DATA) to the shift register 502. Thereafter, a latch signal 
(LT) is supplied to the latch signal input terminal 505 to latch image data corresponding to the heaters 401 In the latch 
circuits 501. 

Thereafter, when the switches 506 are set in the "ON" state for an appropriate period of time, currents are supplied 
35 to the power transistors 451 and heaters 401 via the power supply line 451 in conespondence with the ON durations of 
the switches 506, and the currents then flow into the GND line 453. At this time, each heater 401 generates heat 
required for ejecting ink, and ink corresponding to the image data (DATA) Is ejected from the nozzles of the recording 
head. 

The at>ove-mentioned arrangement is conventionally known. Furthermore, a recording head having an anange- 
40 ment shown in Fig. 12. as an improved arrangement of Fig. 10, is also proposed. 

Referring to Rg. 1 2, reference numeral 410 denotes nMOS field effect transistors (FETs) serving as power transis- 
tors for supplying desired currents to the heaters. 

When this circuit arrangement is compared with that shown in Fig. 10, the arrangement shown in Fig. 1 0 uses Dar- 
lington-connected npn transistors as each power transistor. In this arrangement, a logic circuit such as a shift register. 
45 a latch, or the like normally uses a CMOS gate, and a BiCMOS process is used to form npn transistors simultaneously 
with such gate. However, the BiCMOS process requires a large number of masks, arxj results in high cost. In view of 
this problem, as shown in Fig. 12, when DOS transistors are used in place of npn transistors, the power transistors can 
be formed using the same process (CMOS process) as that of the logic circuit, thus allowing the manufacture of a 
recording head with relatively low cost. 
so An ink-jet printing method (i.e.. a printing method by ejecting liquid) can realize high speed printing and has negli- 
gibly small noise produced upon printing, and has received a lot of attention recently since it can attain printing without 
requiring any special process, i.e.. a so-called fixing process to a normal paper sheet. 

Among such ink-jet printing methods, the liquid-jet printing methods described in. e.g., Japanese Patent Laid-Open 
No. 54-51834 and DOLS No. 2843064 have features different from other liquid-jet printing methods in that they acquire 
55 a driving force for ejecting a droplet by applying heat energy to the liquid. 

More specifically, the printing method disclose in the above references is characterized in that the liquid that 
received the applied heat energy undergoes changes in state accompanying an abrupt increase in volume and ^ 
ejected by an effect obtained based on the changes in state from each orifice at the distal end of a recording head to 
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fam a flying droplet and the droplet becomes attached to a printing medium to attain recording. 

Especially, the liquid-jet printing method disclosed in DOLS No 2843064 is very effectively applied to a so-called 
drop-on demand printing method, and can easily realize a full-line type, high-density, multi-orrfice recording head. For 
this reason, high-speed printing of a high-resolution, high-quality image can be achieved. 

The recording head that uses the above-mentioned printing method is built by a recording head substrate which 
comprises liquid ejection portions having orifices formed to eject a liquid, heat applying portions which communicate 
with the orifices to apply heat energy for ejecting a droplet to the liquid, liquid channels including the heat applying por- 
tions, and substrate of recording head including electro-thermal conversion elements (heating elements) as means for 
generating heat energy 

In recent years, on such substrate, not only a plurality of heating elements are formed, but also logic circuits such 
as a plurality of drivers for driving the individual heating elements, a shift register for temporarily storing image data hav- 
ing the same number of bits as the number of heating elements to parallelly transfer the image data, serially input from 
a recording apparatus, to the drivers, latch circuits for temporarily latching data output from the shift register, and the 
like can be mounted on the single substrate. 

Fig. 19 is a block diagram showing the logic circuit arrangement of a conventional recording head having N heating 
elements (print elements). 

Referring to Fig. 19, reference numeral 700 denotes a substrate; 701. heating elements; 702. power transistors; 
703. an N-bit latch circuit; and 704. an N-bit shift register. Reference numeral 715 denotes a sensor for nronitoring the 
resistances of the heating elements 701 or the temperature of the substrate 700. or a heater for keeping the substrate 
700 at a desired temperature. A plurality of such sensors and heaters may be mounted, and the sensor and heater may 
be integrally arranged. Reference numerals 705 to 714, and 716 denote input/output pads. Of these input/output pacte. 
reference numeral 705 denotes a dock Input pad for inputting clock pulses (CLK) for operating the shift register 704; 
706. an image data input pad for serially inputting image data (DATA); 707. a latch Input pad for inputting a latch clock 
pulses (LTCLK) for controlling the latch circuit 703 to latch Image data; 708. a driving signal input pad for Inputting heat 
pulses (HEAT) for externally controlling the driving time in which the power transistors 702 are turned on to energize 
and drive the heating elements 701 ; 709. a driving power supply input pad for inputting a driving power supply voltage 
(3 to 8 V, normally. 5 V) for the logic circuits; 71 0. a GND terminal; 71 1 . a heating element power supply irput pad for 
irputting a power supply voltage for driving the heating elements 701 ; 712. a reset input pad for inputting a reset signal 
(RST) for initializing the latch circuit 703 and the shift register 704; and 713. a terminal for a heating element driving 
power supply 

Reference numerals 714-(1) to 714-(n) denote output pads for monitoring signals and input pads for control signals 
for driving the sensor and the temperature control heater. Furthermore, reference numerals 716-(1) to 716-(n) denote 
block selection input pads for inputting block selection signals (BLK1 , BLK2,..., BLKn) for selecting a block when the N 
heating elements are divided into n blocks, and the n blocks are to be time-divisionally driven. Reference numeral 717 
denotes AND gates for logically ANDIng the outputs from the latch circuit 702, the heat signals (HEAT), and the block 
selection signals (BLK1. BLK2..... BLKn). 

The driving sequence of the recording head with the above arrangement is as follows. Note that image data (DATA) 
Is binary data which is defined by one bit per pixel. 

When a recording apparatus main body to which the recording head is attached serially outputs image data (DATA) 
in synchronism with clock pulses (CLK). the output data is input to the shift register 704. The input image data (DATA) 
Is tenporarily stored in the latch circuit 703, which generates ON/OFF outputs corresponding to the value ("0" or "1 ") of 
image data. 

In this state, when the heat pulse (HEAT) and the block selection signal are input, the latch circuit 703 supplies ON 
outputs, and the power transistors corresponding to the heating elements selected as a block by the block selection sig- 
nal are driven during the ON time of the Input heat pulse (HEAT), thus supplying cunrents to the corresponding heating 
elements to execute printing. 

In the logic circuit of the recording head shown In Fig. 19, the power transistors 702 comprise npn bipolar transis- 
tors, and the logic circuit is formed using a BiCMOS process. However, in some cases, using MOSFETs as the power 
transistors, the logic circuit may be formed using the CMOS process as the rranufacturlng process in lieu of the BIC- 
MOS process. With this process, not only the number of steps In the manufacturing process can be reduced, but also 
the space required for element Isolation can be reduced, thus achieving a size reduction of the substrate. 

This will be explained in more detail below with reference to Figs. 20A to 220. 

Figs. 20A and 20B are logic circuit diagrams showing a power transistor for driving a single heating element when 
the power transistor uses bipolar transistors. Fig. 20A is an equivalent circuit diagram of a circuit using two npn bipolar 
transistors 702a and 702b. and Fig. 200 Is a sectional view of the substrate. Referring to Fig. 20A. a logic output 721 
con-esponds to the output from the AND gate 71 7. Fig. 20B shows how to form n-type regions 723. 725. 726. and 727. 
and p-type regions 724. 728. and 729 on the substrate so as to construct the npn bipolar transistor. Also, in Fig. 20B. 
symbols B. E, and C respectively denote the base, emitter, and collector. 
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Rgs. 21 A to 21 D are respectively a circuit diagram and sectional viewvs of a sul)strate when the power transistor 
uses a MOSFET, and the entire logic circuit Is formed by the CMOS process. 

Rg. 21 A is an equivalent circuit diagram of a circuit used when the power transistor for driving a single heating ele- 
ment uses an nMOS 720. Rg. 21 B is a sectional view of the substrate that makes up the circuit shown in Fig. 21 A, and 
Rgs. 21 C and 21 D are sectional views of substrates that form nMOS and pMOS transistors used in logic circuits such 
as the latch circuit 703. the shift register 704. and the like. In Figs. 21 B to 21 D, symtx)ls S. G. and D respectively denote 
the source, gate, and drain; 731 . 732. ard 736, n-type regions; and 733 to 735. p-type regions. 

When the power transstor uses a MOSFET, the entire logic circuit can be formed by a CMOS process, and the 
necessity of n"^-type regions 726 and 727 for the collector, n-type epitaxial layer 725, p-type element isolation region 
729. and the like (Fig. 20B). whidi are required in the BiCMOS process in addition to CMOS circuits including the nMOS 
transistors (Fig. 21 C) and pMOS transistors (Fig. 21 D) that form the logic circuit can be obviated. 

As a MOS power transistor, an nMOS transistor is popularly used owing to its specific electron mobility, and the like. 
When the nMOS transistor is used in the logic circuit of the ink-jet recording head, a voltage of 20 V or higher is applied 
to the drain (D) of the power transistor which is not driven. In consideration of such voltage, in order to assure such 
breakdown voltage, it is a common practice to form an n -type region in the drain region (offset type MOS transistor), 
as shown in Fig. 21 B. 

SUMMARY OF THE INVENTION 

However, in the conventional CMOS logic circuit, a digital signal which has 0 V/5 V as its Low/Hi level ^ normally 
used as a signal, and the output from the latch circuit 501 shown in Rg. 12 does not exceed 5 V when its signal level is 
"Hi". Hence, a high voltage of 5 V or higher cannot be applied as the gate voltage of the power transistor 502. On the 
other hand, the nMOS transistor normally has the current-voltage characteristics, as shown in Fig. 13. That is, if the 
gate voltage (VG) is raised, the maximum value of the current (drain-source current: IDS) that can be supplied 
increases accordingly, and the operation point of the drain voltage (cb'ain-source voltage: VDS) at that time lowers. More 
specifically, the drivability of the nMOS transistor is improved as the gate voltage (VG) is higher. 

For this reason, since the gate voltage of the power transistor using the nMOS transistor is defined by 5 V as the 
signal amplitude in the CMOS logic circuit in the recording head built by the CMOS logic circuits and power transistors 
using nMOS transistors, drivability that can fully use the characteristics of the nMOS transistors cannot be sufficiently 
obtained. 

The present invention has been made in consideration of the aboveHnentioned prior art. and has as its object to 
provide a recording head which adopts a power transistor using, e.g.. an nMOS transistor, and can improve the driva- 
bility of the nMOS transistor, and a recording apparatus using the recording head. 

In order to achieve the above object, a recording head according to the present invention comprises the following 
arrangement. 

Thai is, a recording head comprises a heater, a power transistor for driving the heater, a logic circuit for driving the 
power transistors, and a voltage converter for converting the voltage amplitude of a signal output from the logic circuit 
into a higher voltage amplitude, and applying the signal with the converted amplitude to the gate electrode of the power 
trareistor. 

With this anrangement, upon driving the heater by inputting a logic circuit output corresponding to a digital signal, 
which respectively expresses OFF and ON by 0 V and 5 V. to the power transistor, e.g., a FET. the output can be 
boosted and applied to the power transistor. 

Such power supply conversion circuit is inserted between the output of a latch circuit and the gate of the power tran- 
sistor such as a FET. and supplies a voltage with an amplitude higher than the digital signal amplitude of 0 V/5 V to the 
gate of the power transistor. 

Note that the recording head can use a recording head that performs printing in accordance with an ink-jet metiiod. 

According to another invention, a recording apparatus uses the recording head with the above arrangement. 

On the other hand, as shown in Rg. 12, a recording head, which uses a MOS transistor as a power transistor, can- 
not often operate desirably due to variations in the manufacturing process. Such problem will be explained below with 
reference to the graph showing the current-voltage characteristics of an nMOS transistor in Fig. 15. Fig. 15 shows the 
static characteristic curve of the nMOS transistor, and the load curve due to the resistance of the heater of the recording 
head. 

When a recording head shown in Fig. 14 is nrK)unted on a recording apparatus, and executes prirtting by ejecting 
ink, an nMOS transistor is turned on. and supplies a current to the corresponding heater. At this time, a voltage (VOP) 
which is applied across the drain-source path of the nMOS transistor and a current (lOP) that flows through the drain- 
source path correspond to the intersection (operation point) between the static characteristic cun/e of the nMOS tran- 
sistor and the load curve due to the heater resistance. If VH represents the voltage to be applied to the heater, energy 
generated by the heater upon ejecting ink is (VH - VOP) x lOP 
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On the other hand, in a recording head according to the ink-jet method, the drain-source voltage (VOP) upon eject- 
ing Ink preferably assumes a small value to Improve electro-thermal conversion efficiency. For this purpose, the nMOS 
transistor is preferably designated to operate in a triode region at the operation point of the nMOS transistor. The rela- 
tionship between the drain current (IDS) and the drain-source voltage (VDS) at that time is given by equation (1 ) below: 

IDS = (W/L) • pn • COX [(VG - VTH) • VDS - (1/2)VDS^] (1) 

where W: gate width, L: gate length, ^n: electron mobility. COX: thickness of a gate oxide film. VG: gate voltage, and 
VTH: threshold voltage. 

As is known, among the causes that drift the characteristics of the nMOS transistor, process variations in gate 
length (L) have the most serious influence. For example, when an nMOS transistor having a gate length (L, ^im) that 
satisfies 3 ^ L is manufactured, it Is a common practice to use a mirror projection aligner (MPA) in the manufacture of 
the transistor. However, this aligner may produce maximum process variations of ±1 .0 nm with respect to the design 
value (LO). 

As can he seen from equation (1). since the gate length (L) is inversely proportional to the drain current (IDS), and 
the rate of change in size due to the process variations with respect to the design value (LO) is large, the static charac- 
teristics of the nMOS transistor are seriously influenced. In Rg. 15. the broken curve represents the static characteris- 
tics when the gate length (L) becomes larger than the design value (LO). and the dotted curve represents the static 
characteristics when the gate length (L) becomes smaller than the design value (LO). 

According to such changes in characteristics, when the gate length (L) becomes larger than the design value (LO) 
(L > LO). both the voltage applied from the nMOS transistor to the header and the current supplied to the heater 
decrease, and energy generated by the heater is reduced. Conversely, when the gate length (L) becomes smaller than 
the design value (LO) (L < LO), the driving force of the nMOS transistor is improved, and both the voltage applied to the 
heater and the current supplied to the heater inaease, thus increasing energy generated by the heater 

Hence, when the energy generated by the heater becomes larger than the design value, ink Is not ejected; con- 
versely, when the energy generated by the heater is smaller than the design value, ink scorches on the heater or the 
service life of the heater is shortened. In this manner, the driving force of the nMOS transistor changes depending on 
variations in the manufacturing process of the recording head, and as a result, such changes have serious influences 
on the printing operation and service life of the recording head. 

It is an ol^ecl of the present invention to provide an Ink-jet recording head, which adopts an MOS transistor in a 
driving circuit, and can normally operate even when the characteristics of the MOS transistor change due to variations 
in the manufacturing process, and a recording apparatus using the recording head. 

In order to achieve the above object, a recording head of the present invention has the following an^angement. 

More specifically, a recording head comprises a heater, a power transistor for driving the heater, a logic circuit for 
driving the power transistor, a voltage converter for converting the voltage amplitude of a signal output from the logic 
circuit Into a higher voltage amplitude, and applying the signal with the converted amplitude to the gate electrode of the 
power transistor, and a connection circuit for correcting characteristic variations of the power transistor. 

Note that variations in gate length of a MOS transistor as a power transistor in the semiconductor manufacturing 
process are included in factors of characteristic variations. The con-ection circuit controls the gate voltage of the MOS 
transistor to compensate for the characteristic variations due to the variations in gate length, thereby suppressing drain 
current drifts of the MOS transistor. More specifically, when the gate length becomes smaller than the design value due 
to variations in the semiconductor manufacturing process, the correction circuit controls to lower the gate voltage; when 
the gate length becomes larger than the design value, the correction circuit corrtrols to raise the gate voltage. 

Furthermore, the recording head has a first power supply line for applying a first voltage to the heater, a second 
power supply line for applying a second voltage to the logic circuit. arxJ a third power supply line for applying a third volt- 
age to the voltage converter, and the correction circuit includes a second resistor as a polysilicon resistor, and a third 
nMOS transistor connected to the resistor. 

Note that one terminal of the second resistor may be connected to the first power supply line, the node between 
the other terminal of a first resistor and the drain of the third nMOS transistor may be connected to the third power sup- 
ply line, and the source of the third nMOS transistor may be connected to ground. 

Alternatively, the recording head may further have a source-follower circuit consisting of a fourth nMOS transistor, 
and a third resistor connected between the source of the transistor and ground, the drain of the fourth nMOS transistor 
may be connected to the first power supply line, the node between the other terminal of the second resistor and the 
drain of the third nMOS transistor may be connected to the gate of the fourth nMOS transistor, and the node between 
the source of the fourth nMOS transistor and the third resistor may be connected to the second power supply line. 

Note that a driving circuit may be either a circuit formed by a CMOS process or a circuit formed by an nMOS proc- 
ess. 

This recording head may be either an ink-jet recording head that perfomis printing by ejecting Ink. or a recording 
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head which ejects ink using heat energy and comprises a heat energy conversion element for generating heat energy 
to be applied to the ink. 

According to another invention, a recording apparatus uses the recording head with the above arrangement. 

In addition to the problems associated with driving of the power transistors and the amangement of gate voltage 
booster circuits, another problem is posed when the manufacturing process changes from the BiCMOS process to the 
simple CMOS process. Such problem is posed when a temperature sensor, especially, a diode, is used, and it will be 
described below with reference to Fig. 22. 

As shown in Fig. 22, when a diode has a conventional MOS structure, for example, a ® "p*-type region" serving 
as a source-drain region 415 of a CMOS logic pMOS must be used as the arxxle, and a @ "n-type region" serving as 
a substrate region 416 of the CMOS logic pMOS must be used as the cathode to build the diode. In this case, when a 
fonward current is supplied from the anode to the cathode, since a p-type substrate 414 is presertt below the © n-type 
region 416, a pnp structure is formed here, and a parasitic pnp transistor operates to supply currents to the sut>strate. 
E^edally, in the case of CMOS, such currents lead to a problem such as latch-up. when two or more diodes with this 
structure are connected in series for the purpose of increasing the output amplitude of a sensor, averaging sensors at 
a plurality of points, and the like, even when constant current driving is done, cun-ents are supplied from the first diode 
to the substrate, and only currents 1 /{hFE} of the parasitic transistor are supplied to the second and sutsequent diodes. 
In this manner, it is impossifc)le to attain a series connection of diodes in practice since "the temperature characteristics 
vary depending on the diode positions, "the influence of variations of the cun^ent gain hFE of the transistor, i.e.. the sem- 
iconductor manufacturing process is serious", arKi so on. 

The present invention has been made in consideration of the above situation, and has as its object to provide a 
recording head substrate which can form a CMOS inverter circuit, comprising a pMOS or nMOS element that can with- 
stand the driving voltage of a heating element, at the input side of a power transistor, without increasing consumption 
power, without requiring another power supply, and without catling any voltage drifts, a recording head using the 
recording head substrate, and a recording apparatus using the recording head. 

It is another object of the present invention to provide a recording head substrate, which has a structure in which a 
p'-type layer or n-type layer is added to the pMOS or nMOS element of the CMOS inverter drcuit. so that a diode sensor 
has an npnp or pnpn structure and is completely isolated from a p- or n-type substrate, and which can realize a series 
connection of diodes while preventing the influence of a parasitic transstor, a recording head using the recording head 
substrate, and a recording apparatus using the recording head. 

In order to solve the above-mentioned problems and to achieve the above objects, a recording head of the present 
invention comprises the following anrangement. 

a heater corresponding to a print element; 

a power transistor for energizing and driving the heater; 

a logic circuit for driving the power transistor; and 

a voltage converter for converting a voltage amplitude of a signal output from the logic circuit to a higher voltage 
amplitude, and applying the signal with the converted amplitude to the gate electrode of the MOS transistor, 
the voltage converter including: 

a first resistor; 

a first nMOS transistor, a drain of which is connected to the first resistor; and 

a CMOS inverter circuit consisting of a first pMOS transistor and a second nMOS transistor, gates of which are 
connected between the first resistor and the drain of the first nMOS transistor, and 

the CMOS inverter circuit having a CMOS inverter circuit having an nMOS element and a pMOS element for 
determining a voltage to be applied to the gate of the power transistor, and low-concentration regions being 
formed in drains of the nMOS and pMOS elements. 

Also, a recording head of the present invention comprises the following arrangement. 

a heater conresponding to a print elenrteni; 

a power transistor for energizing and driving the heater; 

a logic circuit for driving the power transistor; and 

a voltage converter for converting a voltage anoplitude of a signal output from the logic circuit to a higher voltage 
amplitude, and applying the signal with the converted amplitude to the gate electrode of the MOS transistor, 
the voltage converter including: 



a first resistor; 

a first nMOS transfetor, a drain of which is connected to the first resistor; and 
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a CMOS inverter circuit consisting of a first pMOS transistor and a second nMOS transistor, gates of which are 
connected between the first resistor and the drain of the first nMOS transistor, and 

the CMOS logic circuit having a CMOS inverter circuit having an nMOS element and a pMOS element for 
determining a voltage to be applied to the gate of the power transistor, and low-concentration regions being 
formed in drains of the nMOS and pMOS elements. 

A recording head of the present invention uses the recording head substrate. 
A recording apparatus of the present invention mounts the recording head. 

In the atx)ve-mentioned prior art, when a MOSFET is used as each power transistor serving as a driving circuit of 
a recording head, the following problems remain unsolved. 

(3) when switching Is done while a voltage of 25 V or higher is applied across the drain-source path of an nMOS 
serving as a power transistor, an impact tonization phenomenon occurs. That is, electrons as carriers are acceler- 
ated by a high voltage in the drain-source path at the instance of turning off the nMOS, and collide against Si atonrc 
to generate ions. These ions readily generate a large leakage current in the drain-source path. If this phenomenon 
occurs, the entire substrate may be destroyed. 

(g) When the heating element is not driven, the potential difference between the heating element, and the sub- 
strate, i.e., the sub^rate surface contacting ink. silicon (Si) that makes up the substrate, and the like adversely influ- 
ences the service life of the recording head. More specifically, in the case of a substrate which mounts an nMOS 
that drives the heating element, elements are generally formed on a p-type silicon (Si) substrate. In this case, the 
p-type substrate portion serves as GND. while ink reaches the skJe portions of the substrate and is electrically 
short-drcuited with the substrate. Since ink has conductivity, the ink always serves as GND. Under such condition, 
in the OFF state of the nMOS, most substrate portion that contacts the ink as well as the heating element is set at 
a power supply voltage (VH) for driving the heating element via a protection insulating film. While the recording 
head and tiie recording apparatus that mounts the head are in the ON state, the actual energization time of the 
heating element is very short and no printing is made during tine remaining time period with tiie power supply volt- 
age being kept applied. Hence, an electric field is kept generated in the ink and the substrate surface for a very long 
period of time, and shortens the service life of the protection insulating film, tiiat is. the service life of the recording 
head is shortened. 

The present invention has been made in consideration of tiie above-mentioned prior art. and has as its object to 
provide a recording head which has a simple circuit arrangement and high reliability, and can assure long service life, 
and a recording apparatus using the recording head. 

In order to achieve the above object, a recording head according to the present invention comprises tfie following 
arrangement. 

a heater con-esponding to a print element; 

a power transistor for energizing and driving the heater; 

a logic circuit for driving the power transistor; and 

a voltage converter for converting a voltage amplitude of a signal output from the logic circuit to a higher voltage 
amplitude, and applying the signal with the converted amplitude to the gate electrode of the MOS transistor, 
the power transistor comprising a pMOS transistor, and the voltage converter having an inverter including at least 
one nMOS transistor which boosts the voltage to be applied by receiving a print signal output from the logic circuit, 
and outputs tiie voltage to the gate of tiie pMOS transistor, and 

the pMOS ti-ansistor and the heater being serially connected between a power supply line of the heater and ground 
return from the power supply line side. 

According to anotiier invention, a recording apparatus uses the recording head with the above an-angement. 
In the recording head with the above an-angement, the pMOS transistor and nMOS transistor may use offset type 
transistors. 

The pMOS transistor and nMOS transistor may be driven by a predetermined power supply voltage, and the heat- 
ing element. pMOS transistor, and nMOS transistor are formed on a p-type silicon substrate. 

Furtiiermore, the inverter may include a resistor connected between the nMOS transistor and a power supply volt- 
age terminal. 

The above-mentioned recording head is suitably applied to an ink-jet recording head that prints by ejecting ink. The 
ink contacts the heating element via an electrical insulating layer, and is heated by the heating element during printing. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a perspective view showing the outer appearance of one mode of an ink-jet recoiding apparatus main bodv 
according to an embodiment of the present invention; 

Rg. 2 is a block diagram showing the control circuit anangement of the ink-jet recording apparatus shown in Fig 1 ■ 
Rg. 3 IS a perspective view for explaining another mode of an ink-jet recording head shown in Rg 1 

^ schematic perspective view showing the arrangement of the ink-jet recording head according to an 
embodiment of the present invention; 

Rg^5 is a circuit diagram showing the anangement of a logic circuit of a recording head according to the first 
embodiment of the present invention; 
Rg. 6 is a circuit diagram showing the arrangement of a logic circuit of a recording head, in which a circuit for volf- 
age-divKJing a heater power supply voltage, and supplying it to a voltage converter is added to the logic circuit 
an-angement shown in Rg. 5. according to the second embodiment of the present invention 

"^ILlJ^ ^ '^'^'^ ^^"^"^ anangement of a driving circuit of a recording head'according to the third 

15 embodiment Of the present invention; 

Rg^ is a circuit diagram when the circuit shown in Fig. 7 is fabricated by an nMOS process according to the fourth 
embodiment of the present invention; 

Rg^9 is a circuit diagram showing the arrangement of a driving circuit of a recording head according to the fifth 
embodiment of the present invention; 

Rg. 10 is a circuit diagram showing the circuit arrangement of a conventional recording head accoreling to the ink- 
jet method: 

Rg. 1 1 is a timing chart showing various signals for driving the driving circuit of the recording head shown in Fig 10- 
Rg. 12 IS a block diagram of the prior art which uses nMOSFETs as power transistors of a recording head " " 
Rg. 13 IS a graph showing the VD-ID characteristics of an nMOS transistor- 

Rg. 14 is a block diagram of the prior art which uses nMOSFETs as power transistois of a recording head 
Rg. 15 IS a graph shownng the VD-ID characteristics of an nMOS transistor; 

Rg. 16A is a circuit diagram of a healing element driving circuit mounted on an ink-jet recording head substrate 
according to the sixth embodiment of the present invention: 

Rg. 16B is a circuit diagram of a heating element driving circuit mounted on an ink-jet recording head substrate 
according to another mode of the sixth embodiment of the present invention; 
Rg. 1 7A is a sectional view showing the structure of an offset pMOS transistor shown in Rg 16A- 
Rg. 17B is a sectional view showing the structure of an offeet nMOS transistor shown in Rg 16A 
Rg. 17C IS a sectional view showing the structure of an offset nMOS transistor shovwi in Fig. 16b' 
Rg. 1 7D is a sectional view showing the structure of an offset pMOS transistor shovm in Fig 16b' 
Rg. 18A IS a sectional view showing the stmcture of a diode sensor according to an embodimert of the present 

ii ivci iiiorif 

Rg. 18B is a sectional view showing the structure of a diode sensor according to another mode of the embodiment- 
Fig. 1 9 IS a circuit diagram of a conventional ink-jet recording head substrate; 

Rg. 20A is a circuit diagram of a conventional driving circuit for a heating element using a bipolar power transistor- 
Rg. 20B IS a sectional view showing the structure of the bipolar power transistor shown in Rg 20A- 
Rg. 21 A IS a circuit diagram of a conventional driving circuit for a heating element using a MOS pawner transistor- 
Rg. 21 B IS a sectional view showing the structure of a conventional offset nMOS power transistor- 
Rg. 21C IS a sectional viev of a substrate that forms an nMOS transistor used in a logic drcuit when the entire logic 
circuit IS formed by a CMOS process using a MOSFET as a power transistor 

Rg. 210 is a sectional view of a substrate that constructs a pMOS transistor Lsed in a logic circuit when the entire 
logic circuit is fomed by a CMOS process using a MOSFET as a power transistor; 
Rg. 22 is a sectional view showing the structure of a conventional diode sensor; 
Rg. 23 is a circuit diagram of a circuit for boosting the gate voltage of a power transistor; 
Rg. 24 is a circuit diagram showing the circuit arrangement for driving one print element of a recoiding head 
according to the seventh embodiment of the present invention; 
Rg. 25A is a sectional view of a pMOS power transistor showri in Fig. 24; and 
Rg. 25B is a sectional view showing an nMOS transistor in a gate voltage booster shown in Fig. 24. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention will be described in detail hereinafter with reference to the 
accompanying drawings. 
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(Ink-jet Recording apparatus Main Body] 
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An ink-jet recording apparatus of this embodiment will be desrrifwi koi«,., c- . • 
outer appearance of an ink-jet recording app^^sZ^aa^^n ^ ZS'^' " ^ P^^^«^^« s^^wing the 

Referring to Fig. 1. a recording hJd^Sn^^J^ ^ ° ^" embodiment of the present invention, 
a lead screw 9M%kchwS^ J2a Z^^^ 

ward/reverserotationofadrit?^S^rT^erS,riTnr^ ^"^ accoKlance'wrth thV 

a or b along a guide 919 together with thfiraSt Bre^"^^^^^ '"^1^1' "^"^^ ^ 
905 for a print paper sheet P which is ii^^olp^^'Z^Z7^'^ 1 ' "T"^ 90 1 . A paper press plate 
Pap^ Sheet against the platen 906 along thfc^grm^Sfng Zctr "^^"^ ^^^^ 

909pro.irr*^eSrriS^o"trS 

direction of the driving motor 901 . and thTlSc^A suHJ^ZITp?^^ ^1 ^^'^"^ ^«ation 
face Of the recording head 810. and a suc^on mtar^'^2 ^7^^^.?!^"^^^ ^ ^'^^ S"'" 

sucf on recovery of the recording head 810 Z^nl^r^^^^lT^ ""'"^^ ' "y sucf on to attain 

9 1 4 to be movable in the back-ii-forthTrSon 
supported by a main body sup^rtSetlTrdl^^^^ 

Cleaning blade may be applied to this emtodimerS nfeSleL ,fl a 1 « - *° ""^''^'"^ " 
ess Of the suction recovery, and moves ^^vtmei^^Ti^^^^^ ^"^"^"^ *° P^°<^- 

ment control of the lever 91 7 is done byTkn^nTra^^iLrml^'^^'r'^^^^ ""^ '^"^'"^^ """^^ 
driving force from the driving motor 901 A p^^JntrXTn^.7Z. "^"""^ °' """^^ "^'"9 

above-mentioned embodiments. ^ ^^'^ ^^""9 "f-^"" structure of each of the 
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[Arrangement of Control Circuit] 
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beeSi^Xi^r^rs^^^^^^^ 

apparatus 900. Referring to Fig. 2 that shows ihe^^JarZ?^2 °' ^^-^ '"^-jet recording 

' ting a print signal; 1 70 1. an MRU; 1 702^^rarROM ^^^^^ "T[^ ' ^" '"P^ 

and 1703. a dynamic RAM for holding varioSSthe S^-int f ^^^^ a control program executed by the MRU 1701; 
Reference numeral 1 704 denotes a ga^ ^ray fo suS *° 'f.'""'"'^ *° '^^^^ ^"^ '"^e)- 

also performing data transfer comrol among the ,^~?70rft?^^^^ TJtt^ '° " '^''''"^ ^^^^ 
denotesacarrier motor for conveying the r^^in^^^^^^ Reference numeral 1710 

Reference numer^ 1 ^05 denotes a Ld drer for'dnlg t^^^^^^ J^U^'^J^'^^''^''^^^^^^^ 
dnving the feed motor 1709 and the carrier motor l7io '^"^^^ respectively 

1706 and 1707 are driven, and the r J^^na ^e^^^Z T^^ ^Zf' ^"^ "^""^ motor driver^ 

driver 1 705. thus attaining printing ^ "^""^ ^ith the print signal supplied to the head 

(Another Mode of Recording head] 

d«actew,alB*Mtolhe,«ordlnotei3«,^h T ? ^ '""""^ 'Hie ink lank 812 Is 

reoinJingapparalusshowninFig l.Mheaterea7.*^^Z^^ .^^^ 
« pc™« ink abso*., ho4 ink. anS^SLt^^CJS^ SISSS™^ 

8.2 a:e~ Ta'i^l^'^'' ''^ ^" --eco^^ head a, 1 a«„.e W< lank 
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[Ink-jet Recording Head Sii>strate] 
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f ices 800. and a top plate grooved member SS ZZa^^^a^l^';'T^ P'"^^'^ oi section ori- 

supply port 803 is stored in an internal commonSaZr oi?* " '""^ '''^^^ the ink 

this state, by driving a heater 806 connSr^a^L^sS^on^S^^^^^ *° '"^ ^O^. In 

«> When the recording head 810 shown in Fig 7^ mcLme^ J . " ^'"^"^ """^ ^^"^ 800. 

apparatus main body controls signals tTSrsuSliec^^o tS^^^^l J J » ^^""^'""g 
can realize high-speed, high^afity pri,^'; SSe^r^S^ ' "'"^^^ ^^'^'"S ^«t"« -'^'Ch 

[Logic Circuit Arrangement of Recording head] 

ers;:;i:;sr.rrhri^^^^^^^^^ 

1 1 1 converts the voltage amplitude of a digital si^o^Tff^J^^- ^^T" ^'^ ^^"^ ^ate voltage booster 

Uxle. and applies thesignal with the convertldaSS^toi^^^^^^ 
«> drmng force of the power transistor. By increasinX drM^ r3r^ °' "^^'"^^ '""casing the 

power tran^storinadrivingcircurtcan'berSa^TeT^^^^ 

a size reauction of the entire circurt can be realized. 

(First Embodiment) 

" sho^^npri'r.^^^^^^ 

same reference numerals in Fig^s denote iSe^me pTr^ af th ° a Note that the 
10 and 12. and a detailed description thereof ^^^J^l c°"^ent.onal recording head shown in Figs, 
be explained below. ^ ^« characteristic elements of this embodiment alone S 

the converted amplitude to the gate of a corre^Sn^l^er tm^^^^ fi^"' ^"^ "^''"^ «"«h 

voltage boosters 1 1 1. Each gate voltage boSrT i L °' ^ ^ a power supply line for the gate 

which is connected to the reJstor U2 ar^Z^i J,^Z\^^^ ^ ""^OS transistor 1 13. the drain of 

■ sistor 115. ■ ^ ^"^^^ '"^^'^^^ constrtuted by a pMOS transistor 114 and an nMOS tran- 

thenu°r:;::irrirfe;:^^^^^^ 
thecr^n^rL^rgrd^'s?^^^^^^ 

More specifically imaoe data ^ata^ Jrn ^«f[fa"ce with the timing chart shown in Rg. 1 1 . 
503ofthe^«regis!e;T^;trncCl^^^^^ 

of bits Of the image data stored in the shift^^lr^atSul. to k*' "^''^^ ^'^^ Since the number 

transistors 410 for current driving, the tranJ^SSuires^m J^^^^ °' ^ P^^' 

ers 401 to transfer the image date (DATA) tTtLerrS^^ 

c;^...and.eorS-^^^^^^ 

CMOS inverter constituted by thepMOSfrStoTuanS^nL^^^^ ""^'^ *° 9«t« ^ 

put from the CMOS inverter goes W a Xge ^ ^2. Since the out- 

410. More specifically, when the cutout fram ^Zlr^l.lT^l'?. '° T corresponding power transistor 

is -or. the gate voltage of the power transist^ 4i?is s^aro V" ^ °' ""'"^ °' ^" 

result, no printing is done o 'S set at 0 V . and no current is supplied to the heater 401 As a 
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associated with each latch circuit 501 is often 5 V. Hence, when the output from the latch drcuit 501 is "Hr its sianal 
voltage is 5 V. The voltage of 5 V is applied to the gate of the nMOS transistor 1 13 via the switch 506 In response to 
this voltage signal, since the nMOS transistor 1 13 is turned on. a current flows via the resistor 112. 

When the resistance of the resistor 112 is set at a value sufficiently larger than that in the ON state of the nH/IOS 

nll^?' ^^^-^ '°L^^^ ""^^ *° ° ^ ^"PP"^ *° 9^*^ °* CMOS inverter, and the input from the gate of the 
CMOS inverter can be set in the "Low" state. In this manner, the output from the CMOS inverter goes "Hi" and the volt- 
age value of the power supply line 1 16 directly appears as the output voltage level at that time. This voltage is supplied 
to the gate of the power transistor 401 . More specifically, when the output from the latch circuit 501 is "Hi (the value of 
an image signal being "1 ")". the voltage on the power supply line 1 16 is applied to the gate of the power transistor 410 
to turn on the power transistor 410. and a current is supplied to the heater 401 . thus performing printing by ejecting ink 

♦ ' ""^^^ °" *^ ^PP'y "6 is set to be higher than 5 V as the power supply vcStage 

of the Shift register 502 and latch drcuits501.the voltage is applied to the^^^ 

ing the dnvability of the power transistor 410. The voltage on the power supply line 1 16 at this time can be arbitrarfly 
set. For example, the highest possible voltage within the allowable range of the breakdown voltage of the CMOS 
inverler IS preferably set. For example, the voltage of a power supply line 452 to the heaters 401 and the power supply 
line 116 6f the gate voltage boosters 1 1 1 may be commonly used, and with this arrangement, desired characteristics 
can be obtained without using two power supplies, thus simplifying the recording head 

nMr^c ^.'U^j'"^"*- XT'^ ^PP"^ P°"«^ ^"PP'y 1 ^6 for the gate voltage booster 11 1 when the 

™f ri IL '% u • "° "^"^ ""PP""^ ^^"^^^^ OFF Nomially. in an ink-jet recording 

apparatus the number of heaters 401 which are to be simuftaneously turned onis often limited to about 1/1 Oof the total 
numberof heatere in assodation with the power supply performance of the recording apparatus, and in many cases 
Member of OFF heaters is larger than that of ON heaters. Hence, when currents are supplied to the gate voltage 
boosters corresponding to the OFF heaters, if the number of OFF heaters large, a large current is supplied to one 
gate voltage booster as a whole. In the state wherein all the heaters are OFF. i.e.. in a so-called idling state if currents 
are supplied to the gate voHage boosters corresponding to all the heaters, such currents raise the temperature of the 
chip, thus adversely influencing the operation and service life of the recording head 

For th^e reasons, it is preferable that no current be supplied to the gate voltage boosters corresponding to OFF 
heaters. In this embodiment, no current flows when the nMOS transistor 1 13 is OFF 

Therefore, according to the above-mentioned embodiment, the gate voltage boosters 1 1 1 are inserted between the 
power transistors 410 for driving the heaters of the recording head, and the latch circuits 501 for outputting image data 
v^J^oToi^th!? f^^ driven the con-esponding power transistor 41 0 can be driven by a voltage higher than the outpui 
voftage fron^ the latdi crcurt 50 1 . Especially, when an nMOS transistor is used as the power transist^ 
the power transistor can be Improved. Upon manufacturing the recording head with the above-mentioned drcuit 
arrangement, no extra process is required. 

Since no current flows when the nMOS transistor 113 that constitutes the gate voltage booster 111 is OFF no 
areree?nfluencr'*'°" Qenerated. and the operation and service life of the recording head do not have any 

In the description of the above embodiment, the voltage on the power supply line 1 1 6 for the gate voltage boosters 
1 1 1 1S preferably set at the highest possible value without exceeding the breakdown voltage of the CMOS inverter and 

^an!«?Tv"^"l^ I"® " P°^'"®- vo'tage is normally set at a high 

voltage of 20 V or higher, and the breakdown voltage of the CMOS inverter is about 1 5 V. it is difficult to share the power 
supply in practice^ However, adding a power supply for the gate voltage boosters 111 leads to an increase in drcuit 
scale in the recording apparatus as a whole, resulting in an increase in cost. 

Accordingly, in order to satisfy such requirement, an an-angement lor voltage-dividing the heater power supoly volt- 
age and supplying the divided voltage to the gate voltage boosters 11 1 may be added to the drcuit of the recoiling 
head shown in Fig. 5. ^ 



< Second Embodiment) 



Fig. 6 is a circuit diagram showing the arrangement of a recording head in which a circuit for voltage-dividing a 
heater power supply voltage and supplying the divided voltage to the gate voltage booster is added to the arrangement 
ofthe recording head shown in Fig. 5. 

nnt^'J?^'""^ *° Fig. 6 reference numeral 131 denotes a voltage supply drcuit for supplying a power supply voltage 
T^ff^Tf, "^r!. ' ^' "^"^^^ ' ' ' a voltage supplied from the power^pply line 

^mlMncfr''^'' ^ ^ ""^OS transistor: and 135. a resistor connedS^to the soured 

^^"^ ^34 and the resistor 135 form a source-follower type buffer 

with this arrangement, a voltage is generated based on the voltage from the heater power supply. One 452 at the 
voltage dividing raho of the resistors 132 and 133. and is supplied to the gate voHage booster 1 11 via the source-fol- 
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arcurt bu.ft by thenMOS transistor 134 arKl the resistor 135. In this manner, an optimal voltage can be supplied 
to each gate voltage booster 1 1 1 without adding another power supply. Since such buffer is a^arSTvoSa^e d S 
l^^' ' r'"* ^'^ '^r" "3 in each gate voltage boi^ter n l1^ tme^ on^^^^^ 

ct^aSs«2 ' ^°»«9e can be suppli«, to each gate voltage booster 1 1 1 «.thout in^Lir^g ^e^^ 



(Third Embodiment) 



' erJ^Z^rZT^^^Z^^^^ the arrangement of a driving circuit of a recording head. Note that the same ref- 

t^Ter^TbrcSiL^^^^^^^ ^"^^ "^"^^ " '^"^^ ^^'^ 5. and a detailed descrip- 
RpSnn L ; ^ *^«e"st.c elements of this embodiment alone will be explained below 

vortaoe bSJ^ ifi -h^e '''^'^ ^ ^^"9 -o«age to the gate 

voltage boosters 1 1 1. The conrection circuit 141 is built by a polysilicon resistor 142 an nMOS tran«a<rtfw liw J^ J! 

7^^^1T'°'^T""''"' ^'^ ^^'^^OS tranS^ m s Nj^rrheSlS^ 

ai::ss:r.rn:,rct~ 

tionap-Xr^hTirP^Toi-^^^^^^^ 

nMOCi^ifc'';' '^^l^^' herein the output from a certain latch circurt 501 is "Low". At thfe time since the 

voltage, since the oirtpullremlh, CMOS iiwerler gees Wavollaar^OV-feTuM^ 

Tge^ilfofre cmSL^^^^^^^^ value on the power supply line 1 16 directly appears as the oXit vl 

age level of the CMOS inverter, and is supplied to the gate of the power transistor 410 

appli^tome''^te'2;',;^ir%°^^ ^'*«9« °" ^he power supply line 1 16 is 

the nMO^ ZI'2fiT,^ ^'T^ °* ^'^^ '"^^^'''^S '^^^^ ^^"^ P°'y^"*«'" e'ectrodes of the polysilicon resistor 142 and 
the IT^^'TJ" T"^ «"^"««"eo"^y wNh the polysilicon gate electrodes of the Ims trSor^lio^ 
dirT^ Mr u ''""■^'^ *° these electrode sizes are designed as «rillS 

faJS!^ sPffi"")-. wl-en en MPA IS used as an aUgne,, es<le«:nbe<lin»»pdo,art.lhegalelenglh(L)o(annMOS 

4,ors::ra'rj:atet^c:?^r:-rssr"""'''-^ 

Ihe ^,^X1,^nl^°^rr""^ MOStransisBr increases b,*3. 

sl^eTK^^"^""°^*''^^'»'="*«""^''«*">^e*=^'«sul,,ink^ 



nMOS ton^^ i'JJ' '« " "1 and Ihe gate length (L) of tl» 

nMOS iransislo, 143 aredes,g„edat4^andll.edl,ectionsoltt,epdysillcon gates 01 ll,ep™Slra^ 
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5 to the ON resistance of the hmSs tSor 1 2 " ^ ''^'"^ ^ ^ ' ^atio of the pdysilicon resistor 142 
trar,lr410.;^esiS^^^^ 

length (L) of the nMOS transistorT43^n mf^rrS^^^^^^^^^ *° ' f ''T' °" ""^^ ''^"d- t^^^ Sate 
nMOS transistor decreases to 0 TS^meriTa ^ '^^ ^ »^ *° ^ ""^^ resistance of the 

. to«.e^wersup,y,ine1ie^an%r^^^^^^ 

the^te^CeX^trern":^^^^^^^^^^ 

(VG) changes?rom 16 V to 12^5 V heS^ S^te voltage 

Of each power transistor 410 changerthe S^fo^^^^^ 
- '^^-Seslndrivlr^gforcebytheMOsSl^^^^^ times, txrt 

acts to improve the dri>J,g forSe of S MoltansSnr JT"' J '° ''"'^'""^ ^"^"^^ ^^^S" value, it 

tran^stoHowers by the oSn oMhe ^tS^d^^^^^^^ r'*'"' *° °^ 

^ Conversely, when'the gate ler,gth o Lrp^^r 5 anl i 4^0 b^m- ' ' 

decrease the driving force of the MOSfrrrKiSrT u 410 becomes larger than the design value, it acts to 

» Ihs driving toce Md, MOSWnsia»: Bi="npensate(o-suct.drite.,„dc<m™is 

:s-S^teSr:^::-:r~ 

^J.cenoheavy.da.sontheh^SL-^^^^^^^^ 

process of a recoiling head when ie cSis des^n^^^^^ ''^"9" ^" «^"al manufacturing 

be corrected best. H^^weve^ t^ pr^ eS^fi^^^^^^^^ T"^' ^ "'"9 '"^'^^^ °' ^'^^ "^OS transistors can 

not always assume identical dign^^ """^ 'P'"'" ^ these values need 

' Howr,r^i:::e^Tr-ri^^^ 

used, and for example a con^ton ci ^i^^^^ anangement. Either one of these elements may be 

lially the same w««h as th?Sen^^^^^^ trpS^e^anStS! aS^jT'T °' ' "^^'^'"^ '"^''^^ '^^"^ 

be influenced by process variations ' ^ f^y^'-con resistor which is thick enough not to 

< Fourth Embodiment) 

can l» nWiK^rea b, an nMOS McirJ^ iSLl^,!^^^ 

b«omes la,9» lhan ibit in aSo^SS «»1 can be radiKed al«K«,gh consumption powar 

< Fifth Embodiment) 

P0»rS^t^:^*tSSr4lrS;Slrrs™^ ''"^^ ^"-cuirenB.,ow»on,*e 
resistance of «,a resisBr 142 a,2 i^S^^^ J^^^^ T'^ "f PO»ar sun* line 1,6. lha 

than lha resistance oi the lesistanz w^S^oS,^ S!f , * I* «"» S"«icientiy smaller 

^ ^ ^ I.. «a » o^ortTreS^'irTii sxT«":'reSr^:r 
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HMOS J5*,, ,32, AiS^i^r^ Sl^IL^iS^tL^' " '^'^ sate «*age ol «« 

reaaance ot »e ,esla<x ,« and ^ON rSSS S^J^" "^ly pertbmiance. Hence, 

» ^ l^c^ a^ngen^n, o. each gate vo«age booster fo, ^ ^ ^ ^„ ^ ^^.^ 

for boos.no the vcJoe to r^oTQ.rii^T'^ 

PO»er transistcr 720. ^ ' ' "'"^l" "ranged at ff« input side of ttie an nMOS 

JO ence numeral 414 denotes a power suddIv line inn;rt^t>r^1fLi . ^' ^" a^PW'er. Also, refer- 

makes upan nVIOS inverter Slh'rj JS.^^^^^^^ ^'^"^"^ ^"^^'^ circuit 

iso?^:;s:^'£r4n^^^^^^^ 

from a power supply via S^Tboos L ?S 412^^^^^^^^ f'f* °" ^ P"""' ""^^'^ ^^TH) 41 4 applied 

s heating element energy loi^^^^^ l*^"!"? " '^P* ""PP""* '^"""S "°"-driving period of the 
raise tSe internal' ^l'^, ^rr^'lth^ad °' ^ 

apuJ:ht:u";Srem^".^X'^^^^^^^^ 
thepMOStranLtorll4^h?cKSrt^^^^^^^^ 
' supply voltage of about 20 V on the Dc^TriDt^^ 1 a breakdown voltage nearly equal to the power 

arrangemen? Hence. Z'"^. ^"^''"^ '^"^ °' 

suppv line 11 6 Of 1 4 V c^ li^mZeS^n^^^^^^^^ ' ^0 ^o 14 V. and another power 

(Sixth Embodiment) 

^»d« to s*e such ba* in .be sixth en^odi^n, to be 

ageb^sts, 10, a^an *»°'s'irr;'rro r^rSar'eTrrr 9e.e««. 

hlghi^EXt^^'IirrStr ^r^^L"^^^ >»«■»• o> «s en*odin«. i.e.. a 

, 7A beb.e«, a I^STtotl^^ t^^T ' "'-^ 202 shown in F«. 

a.-.oto,.;of:Serr^<^r2Srv'^ht^^r^iStrSc:s.^r^ 
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structure as that of tt,e offset "mS p^eTt^sSSr 4lf a^^^^^^^ '^""^'^^^ '"^'^ ^^'^ ^"^ 

)«.ltage to be applied to the gate of ^e ofS~s '^'enS^ TZ'^^^ '"^ 

5 '-:;e^^ernent107(0V,o5N0toapowersupp.y,ine'^0(;^^^^^^^^ 

be eSai^Sr "-""^^^ - -Net recording head of this emtxxfiment 

(inthe'S-^N^^atl'^f-rrn^^^^^ 

ink-jet printing is abo.^ 3 to tTsS^^ tn I TZ ^° ^""^ ''^^"S element 401 upon 
important especia^for battery^^^^^^ °' *° 2°° ""o^* ^^^^ transistors are OFF. andTis 

105 in thel^erter c'ira^iU^J'Tc^STs SnS o^ T^LT'SrT EJTf " "-^^S ^^-^'^o 

current flows. Furthermore, since me nSlansi^^^^^^ the PMOS transistor 104 is OFF. no punch-through 
punch-through current flows on ^rsid^and ™ ^-«'^t°'- this state, no 

'5 by using the circuit structure shown in Fia 5 VoTrhT! T . "on^"v.ng state approaches -O". Hence, 
power supply line 414 the r JL 412 TtTetMoft """'T ""^^ """^"'^"^ «»«te along the 

prevented. Furthermore. sinc.^.Z:::;Z:JlZrZ^^^^ asdescrtoed in Fig. 23. can be 

power supply line is required in additi^o^p^itrs^;,^^^^^^ 

the power supply line 1 30. thus simultaneously ^^^2^. /!?^ T ^" «ith 

^ recording apparatus. ^"^""^'^ '^'"'"9 ^ °t P°«'er supply cost and a size r^^^ 

Furthermore, in the above embodiment, as shown in Fias 1 7A anri 1 7R « . 
ture of this embodiment is doped deeoer tt^an th«n- i^IS!' ^ f ' ^ '"^""^^ ^^^^ 202 as the fea- 
reg,on 203 that makes up the^et pM^S^r^^o^ Z ZlT """""""^ ^"^strate 

time. In Fig. 1 8A. reference numeral 21 1 <^^^es W^^^^^^ " ^'9- «t the same 

.5 nMOStransis.or.andservesasthecathofewXd;^^^^^^ 
as.ep--typeimpur«ylay.oftheoffsetpMi1tra.istor^^^^^^^^^ 

tothrr-\^;~^^^^^ 

'0 sitic pnp transistor formed by the p^ZT^e^l^U^n ^^^ *° ^"''^^'-^^^ P^°duced by a para- 
and^eliKe can be complete; ^il2;'e:.aT^^^^^ 

In addifton. the problem that diode sensors cannot Hp ronn!^!^"- ■ *^ '^^'^^e cun-ent can be solved, 

time, and diode sensors can be^nS^S^^n^eril "^'"^ ''^ at the same 

^ setwrXSXtthl^t^^^^ 

of the diode sensor depend mainly 0^1^^ low Sn^^^^^^ embodiment, since the temperature characteristics 

layer202 (Fig. 18A) that maK^ li^a^^^c^rATSS^^^^^^^ ^'^^ '-P-"y 

breakdown voltage of the pMOS fransistor ^ concentration high enough to obtain the 

.he .=.».s™ *i^„, vonags can b, co„..1u,« J ^^^Sal^^^f^"'"'' 

nection of diode sensors. me .miuence of a parasitic transistor and realizing a series con- 

-type'CrXdr^^s^S^^^ 
denotes low impurity density Of p MOsC^^^ 

impurrty density of n MOS lUegfon SshHlgh tlS^ " ^^^^^ '''^'^ 

( Another Embodiment ) 

all Ite Import, layS^and su^S^etSlS^ha'Srir'''"' 'f:;'^'"* 
More specifically inFia IBB reler«^.™™JIS^., . 

.elerencei^i^o.eno.esano.lse.^Spowr^rj'JrSreSrr^^^ 
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ing element 401 . Reference numeral 155 denotes an offset pMOS power transistor having the same structure as that 
of the offset pMOS power transistor 460. Reference numeral 102 denotes a Ixxjster resistor. 

As shown in Figs. 1 7C and 1 7D. when the n -type impurity layer 252 is doped deeper than a p -type impurity layer 
262 that makes up the offset pMOS transistor 1 55 and shallower than a p-type substrate region 253 that makes up the 
offset nMOS transistor 154. a diode sensor shown in Fig. 18B can be simultaneously formed. In Fig 18B reference 
numeral 261 denotes a p*-type impurity layer that makes up the drainfeource of the offset pMOS transistor, and serves 
as the cathode (K) of the diode sensor; and 252. an n -type impurity layer which is the same as that of the offset nMOS 
transistor 252 (Fig. 1 7C) and serves as the anode (A) of the diode sensor. 

Note that the gate voltage booster 111 shown in Rg. 5 or the gate voltage booster 101 shown in Rg. 16A has a 
larger circuit scale than the circuit shown in Fig. 23 since It additionally has an inverter, resulting in an increase in sub- 
strate chip size, i.e., an increase in cost. 



(Seventh Embodiment) 



Rg. 24 shows the arrangement of a circuit for driving one print element of a recording head. Since the arrangement 
of the logic circuit of the recording head is the same as that of the conventional logic circuit shown in Rg. 19. a detailed 
descnption thereof will be omitted, and such constituting elements will be quoted using the same reference numerals in 
Fig. 23, as needed. The above-mentioned print element corresponds to a circuit built by a heating element which oper- 
ates to eject ink from a single orifice, and a power transistor. 

Referring to Rg. 24, since a gate voltage booster 740 is an nMOS inverter having the same arrangement as that 
shown in Rg. 23, the same reference numerals in Fig. 24 denote the same parts as in Rg. 23, and a detailed desaiplion 
thereof will be omitted. A logic output 721 shown in Fig. 24 expresses its ON/OFF state by a voltage of 5 V. Reference 
numeral 501 denotes a pMOS transistor. Also, a portion A includes a heating element and a wiring portion that face a 
p-type silicon (Si) substrate and ink via a protection insulating film alone. 

In Rg. 24. reference numeral 501 denotes a pMOS transistor which serves as a power transistor and drives a heat- 
ing element 701 . 

Rgs. 25A and 25B are sectional views of a substrate in which the pMOS transistor 501. and an nMOS transistor 
41 1 of the gate voltage booster 740 are formed. Fig. 25A shows the arrangement of tiie pMOS transistor 501 and Rg 
258 shows the aaangement of the nMOS transistor 411. 

As shown in Rg. 25A, the pMOS transistor 501 has a structure (offset MOS) in which a p -type inpurity layer 202 
IS formed between a p*-type impurity layer 201 sewing as the drain (D). and the gate (G), so as to raise its breakdown 
voltage beyond 25 V from that (about 10 to 14 V) of a normal pMOS transistor having no offset structure 

On the other hand, as shown in Rg. 258, the nMOS fransistor 41 1 has a structure (offset MOS) in which an n -type 
impurity layer 212 is formed between an n-^-type impurity layer 21 1 serving as the drain (D). and the gate (G) so as to 
similarly raise its breakdown voltage as in the above-mentioned pMOS transistor. Note ttiat this structure is ttie same 
as that of the offset nMOS transistor shown in Fig. 21 8. 

In Figs. 25A and 25B, reference numeral 203 denotes an n-type region; and 204, a p-type silicon (Si) substrate 

The operation of ttie print element and the gate voltage booster 740 of the recording head with the above arranae- 
ment will be explained below. ^ 

When the pMOS ti-ansistor 501 as a power fransistor is OFF, i.e., it does not drive the heating element 701 ttie 
nMOS transistor 41 1 is also in ttie OFF state, and no current is supplied to ttie gate voltage booster 740. That is when 
no printing is done, the consumption power becomes zero. On the other hand, since ttie nMOS transistor 41 1 has ttie 
offset MOS structure, i.e.. has high-breakdown voltage characteristics, a power supply voHage VH on a power supply 
line 41 4 IS directiy applied to an inverter (nMOS transistor 411). 

As has been described above, since ink has conductivity, and contacts the p-type silicon (Si) substrate as GND on 
the side of ttie substrate, ttie entire ink serves as GND. On ttie ottier hand, when the pMOS fransistor 501 is OFF. ttie 
heating element and ttie wiring portion, indicated by the portion A in Fig. 24. which contact the ink via ttie protertion 
insulating film alone serve as GND. Hence, no elecfric field is generated between the ink and ttie portion A via the oro- 
tection insulating film. 

Therefore, according to ttie above-mentioned embodiment, since no cun-ent is supplied to ttie gate voltage booster 
740 when no printing is desired, ttie consumption power of the recording head in ttie non-printing state can be reduced 
Also, since the gate voltage booster can have a sinple anangement. the number of elements of ttie overall circuit can 
be reduced. In this manner, a reduction of the circuit scale of ttie recording head and a reduction of manufacturing cost 
can be realized. 

For example, as conpared to ttie circuit arrangement shown in Rg. 16A. the number of elements of the gate volt- 
age booster per print element can be halved. When ttie power switch of the recording apparatus is turned on to perform 
printing, the pnnt period in which the recording head performs printing is about 200 ^s. while ttie artual energization 
time of each heating element is about 3 to 7 ps, and no printing is performed during most of the print period I e each 
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power transistor is OFF Since the gate voltage booster 740 does not consume any electric power in such idling state 
during the print period, the effect of this embodiment is remarkable in terms of a reduction of consunption power. 

Furthermore, in the above embodiment, since a pMOS transistor is used as a power transistor, the impact ionisa- 
tion phenomenon that generates ions upon collision of carriers is harder to occur than the nMOS transistor, and pro- 
5 duction of a leakage current in the drain-source path upon turning off the driven heating element can be suppressed. 
In this manner, the reliability of the recording head can be inproved. 

Moreover, in the above embodiment, when the power transistor is OFF, no electric field is generated between the 
ink and the substrate surface and, hence, the load acting on the protection insulating film can be reduced. Thus, the 
service life of the substrate can be prolonged, and the reliability of the recording head can also be improved. 
10 In the above embodiment, the inverter at the input side of the pMOS transistor 501 is built by a resistor and an 
nMOS transistor. However, the present invention is not limited to such specific an-angement. For example, the Inverter 
may be txiitt by an nMOS transistor. 

Furthermore, in the above emtxxjiment. both the pMOS transistor as the power transistor, and the nMOS transistor 
of the gate voltage booster have the offset MOS transistor structure. However, the present invention is not limited to 
15 such specific structure. For example, when these MOS transistor can withstand the heating element driving voltage 
without using an offset structure, one or both of these transistor need not have an offset structure. 

In the above embodiment, an ink-jet recording head has been exerrplified. However, the present invention is not 
limited to such head. For example, the present invention can be applied to a thermal head that attains printing by a ther- 
mal transfer method. 

20 The above embodiment can achieve high<lensity. high-definition printing using a system, which comprises means 
(e.g., an electro-thermal conversion element, laser beam, and the like) for generating heat energy as energy utilized 
upon ejecting ink, and causes changes in state of ink by the heat energy, among the ink-jet printing systems. 

As the representative arrangement and principle of such ink-jet printing system, one practiced by use of the basic 
principle disclosed in. for example, U.S. Patent Nos. 4,723,129 and 4.740,796 is prefen-ed. The above system is appli- 
es cable to either one of so-called on-demand type and continuous type. Particularly, in the case of the on-demand type, 
the system is effective because, by applying at least one driving signal, which corresponds to printing information and 
gives a rapid temperature rise exceeding film boiling, to each of electro-thermal conversion elements arranged in cor- 
respondence with a sheet or liquid channels holding liquid (ink), heat energy is generated by the electro-thermal con- 
version element to effect film boiling on the heat acting surface of the recording head, and consequently, a bubble can 

30 be formed in the liquid (ink) in one-to-one con^espondence with the driving signal. By ejecting the liquid (ink) through an 
ejection opening by growth and shrinkage of the bubble, at least one droplet is formed. If the driving signal is applied as 
a pulse signal, the growth and shrinkage of the t>ubble can be attained instantly and adequately to achieve ejection of 
the liquid (ink) with particularly high response characteristics. 

As the pulse driving signal, signals disclosed in US. Patent Nos. 4.463.359 and 4,345.262 are suitable. Note that 

35 further excellent printing can be performed by using the conditions described in U.S. Patent No. 4,313.124 of the inven- 
tion which relates to the temperature rise rate of the heat acting surface. 

As an arrangement of the recording head, in addition to the arrangement as a combination of orifices, liquid chan- 
nels, and electro-thermal conversion elements (linear liquid channels or right-angled liquid channels) as disclosed in 
the above specifications, the arrangement using U.S. Patent Nos. 4,558.333 and 4,459.600, which disclose an arrange- 

40 ment having a heat acting portion an-anged in a bent region may be used. In addition, an arrangement based on Japa- 
nese Patent Laid-Open No. 59-123670 which discloses an arrangement using a slit common to a plurality of electro- 
thermal conversion elements as an ejection portion of the electro-thermal conversion elements, or Japanese Patent 
Laid-Open No. 59-138461 which discloses an arrangement having an opening for absorbing a pressure wave of heat 
energy in correspondence with an ejection portion, may be used. 

45 Furthermore, as a full line type recording head having a length con*esponding to the width of a maximum print 
medium which can be printed by the recording apparatus, either the arrangement which satisfies the full-line length by 
combining a plurality of recording heads as disclosed in the above specification or the arrangement as a single record- 
ing head obtained by forming recording heads integrally may be used. 

In addition, an exchangeable chip type recording head which can be electrically connected to the recording appa- 

50 ratus main body or can receive ink from the recording apparatus main body upon being mounted on the recording appa- 
ratus main body may be used in addition to a cartridge type recordng head in which an ink tank is integrally arranged 
on the recording head itself, described in the above embodiment. 

It is preferable to add recovery means for the recording head, preliminary means, and the like to the arrangement 
of the recording apparatus of the present invention since printing can be further stabilized. Examples of such means 

55 include, for the recading head, capping means, cleaning means, pressurization or suction means, and preliminary 
heating means using electro-thermal conversion elements, another heating element, or a combination thereof. It is also 
effective for stat>le printing to execute a preliminary ejection mode which performs ejection independently of printing. 
Furthermore, as the print mode of the recording apparatus, the recording apparatus may have not only the print 
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mode of only a primary color such as black or the like but also at least one of a multiple-color print mode using a plurality 
of different colors or a full-color print mode by mixing colors, which modes may be attained by either an integrated 
recording head or a combining a plurality of recording heads. 

Moreover, in the above-mentioned embodiment, ink is described as a liquid. Alternatively, the present invention 

5 may use even ink which is solid at room temperature or less, and ink which softens or liquefies at room temperature. 
Alternatively, since it is a common practice in the ink-jet method to perform temperature control of the ink itself within 
the range from 30*C to 70*C so that the ink viscosity falls within the stable ejection range, any types of ink may be used 
as long as they liquefy upon application of a use print signal. 

In addition, in order to prevent a temperature rise caused by heat energy by positively utilizing it as energy for caus- 

10 ing changes in state of the ink from the solid state to the liquid state, or to prevent evaporation of the ink. ink which 
solid in a non-i^e state and liquefies upon heating may be used. In any case, the present invention can be applied to a 
case wherein Ink which liquefies upon application of heat energy, such as ink which liquefies upon application of heat 
energy according to a print signal and is ejected in the liquid state, ink which begins to solidify when it reaches a print 
medium, or the like, is used. In the present invention, the atwve-mentioned f Bm boiling system is most effective for the 

15 above-mentioned inks. 

Also, the recording apparatus of the present invention may be arranged integrally or separately as the image output 
terminal of information processing equipment such as a computer or the like, or may be used in a copying machine 
combined with a reader and the like, and a facsimile apparatus having a transmission/reception function. 

Note that the present invention may be applied to either a system built by a plurality of devices (e.g.. a host compu- 
20 ter. interface device, reader, recording apparatus, and the like), or an apparatus (such as a copying machine, facsimile 
apparatus, or the like) consisting of a single device. 

In the above description, the Ink-jet recording head substrate is used in an ink-jet recording head. The substrate 
structure based on the present invention can also be applied to. e.g.. a tiiermal head substrate. 

25 [Effect] 

As desaibed above, according to the present invention, upon driving a heater by inputting a latch output conre- 
sponding to a digital signal tiiat expresses OFF and ON using. e.g.. 0 V and 5 V. to a power transistor such as a FET. 
the latch output can be boosted, and the boosted output can be applied to the power transistor. For this reason, the driv- 

30 ability of the power transistor such as a FET can be improved, and a recording head with higher performance, and a 
recording apparatus using the recording head can be realized. 

According to the present invention, even when the characteristics of a MOS transistor that drives a heater vary 
depending on the semiconductor manufacturing process, the variations in characteristics can be corrected by a correc- 
tion circuit. Accordingly, the recording head can operate stably, and high-quality image printing can be attained. 

35 Furthemiore. according to the present invention, since lightly-doped regions are formed on the drains of nMOS and 
pMOS elements in a CMOS inverter circuit of a recording head substrate to add p - or n'-type regions to the conven- 
tional element structure, a CMOS inverter circuit which comprises a pMOS or nMOS element tiiat can withstand tiie 
driving voltage of the heating element can be an-anged at the input side of the power transistor without increasing con- 
sumption power or without arranging another power supply or any fear of voltage drifts, thus realizing a high-breakdown 

40 voltage CMOS inverter circuit for driving the power transistor. 

Since the p - or n'-type layer is added to the pMOS or nMOS element of the CMOS inverter circuit, a diode sensor 
can have an npnp or pnpn structure to be perfectiy isolated from a p- or n-type substrate. Hence, a diode sensor which 
is free from any influence of a parasitic transistor and is perfectly isolated can be formed at the same time. 

Since the diode sensor can be perfectly Isolated, a series connection of diode sensors can be realized. An increase 

45 in the number of terminals of the sensors can be prevented, and tiie dynamic range can be accurately broadened by a 
series connection of diode sensors. 

Since a power supply voltage can be commonly supplied from a power supply for driving print elements, no addi- 
tional power supply is required, and the need for a step-down circuit can be obviated. Also, a punch-tiirough current can 
be eliminated since tiie CMOS structure is used. In this manner, since temperature rise of the recording head can be 

so prevented, and energy savings can be attained, the present invention is suitable for a battery-driven recording appara- 
tus, or the like. 

Furthermore, since the recording head of the present invention uses the at>ove-mentioned recording head sub- 
strate, and the recording apparatus of the present invention mounts the recording head, a reduction of power supply 
cost and a size reduction of the recording apparatus can be realized. 
55 In addition, according to the present invention, the circuit scale of the recording head can be reduced, and cun-ent 
leakage in tfie drain-source path of the power transistor tor driving tiie heating element can be suppressed. theret>y 
improving ttie reliability of the recording head and reducing the consumptton power of the recording head. 

Moreover, ink contacts tiie heating element via an electric insulating layer, and Is printed upon heating. However. 
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since no electric fieW is generated between the ink and the heating element via the insulating layer in the non-printing 
state, the load acting on the insulating layer can be reduced, thus improving the reliability of the recording head and pro- 
longing its service life. 

Claims 

1 . A recording head having: 

a heater (401) corresponding to a print element; 
a power transistor (410) for energizing and driving said heater; 
a logic circuit (501 , 502) for driving said power transistor; 
characterized by comprising: 

a voltage converter (1 1 1) for converting a voltage amplitude of a signal output from said logic circuit into a 
higher voltage amplitude, and applying a signal with the converted amplitude to a gate electrode of said 
power transistor. 

2. The recording head according to claim 1 , wherein said logic circuit having: 

a shift register (501) for temporarily storing an input digital image signal; and 

a latch circuit (502) for latching the digital image signal stored in said shift register; 

characterized in that: 

said voltage converter boosts a voltage that expresses an ON state of the digital signal latched by said latch 
circuit, and applies the boosted voltage to said power transistor. 

3. The recording head according to claim 1 , characterized in that said power transistor comprises an n-type MOSFET. 

4. The recording head according to daim 3. characterized in that said voltage converter is arranged between a gate 
of said n-type MOSFET and an output terminal of said latch circuit. 

5. The recording head according to claim 4, characterized in that said voltage converter comprises: 

a first resistor (112); 

a first nMOS transistor (1 13), a drain of which is connected to said first resistor; and 

a CMOS inverter built by a first pMOS transistor (1 1 4) and a second nMOS transistor (1 1 5). gates of which are 

connected between said first resistor and the drain. 

6. The recording head according to claim 1 , characterized by further comprising: 

a first power supply line (452) for applying a first voltage to said heater: and 

a second power supply line (1 16) for applying a second voltage to said voltage converter. 

7. The recording head according to claim 6. characterized by further comprising: 

a voltage-dividing circuit (131) for generating the second power supply voltage by voltage-dividing the first 
power supply voltage, and 

characterized in that a common power supply is used for the first and second power supply voltages. 

8. The recording head according to daim 7, characterized in that said voltage-cfividing circuit includes a source-fol- 
lower circuit (134. 135). 

9. The recording head according to claim 1 , characterized by further comprising: 

a correction circuit (141) for correcting a characteristic variation of said power transistor. 

10. The recording head according to claim 9. characterized in that causes of the characteristic variation include a var- 
iation in gate length of said power transistor in a semiconductor manufacturing process. 
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11. The recoiling head according to daim 10, characterized in that said con-ection circuit suppresses a drift of a drain 
cun-ent of said power transistor by controlling a gate vc^ge of said power transistor to compensate for the charac- 
teristic variation owing to the variation in gate length. 

1 2. The recording head according to claim 1 1 , characterized in that said correction circuit lowers the gate voltage when 
the gate length becomes smaller than a design value due to the variation in the semiconductor manufacturing proc- 
ess, and raises the gate voltage when the gate length becomes larger than the design value. 

13. The recording head according to daim 12, characterized in that said correction drcuit includes a second resistor 
(142) and a third nMOS transistor (143) connected to said second resistor 

14. The recording head according to claim 13, characterized in that said second resistor corrprises a pdysilicon resis- 
tor. 

15. The recording head according to claim 13, characterized in that one terminal of said second resistor is connected 
to a first power supply line (452). a node between the other terminal of said second resistor and a drain of said third 
nMOS transistor is connected to a second power supply line (116), and a source of said third nMOS transistor is 
connected to ground. 

16. The recording head according to claim 14. characterized by further comprising: 

a source-follower circuit (131) built by a fourth nMOS transistor (132), and a third resistor (133) connected 
between a source of said fourth nMOS transistor and ground, and 

characterized in that a drain of said fourth nMOS transistor is connected to the first power supply line, a node 
between the other terminal of said second resistor and the drain of said third nMOS transistor is connected to 
a gate of said fourth nMOS transistor, and a node between the source of said fourth nMOS transistor and said 
third resistor is connected to the second power supply line. 

17. The recording head according to claim 9. characterized in that said logic circuit and said voltage converter are cir- 
cuits formed by a CMOS process. 

18. The recording head according to claim 9. characterized in that said logic circuit and said voltage converter are cir- 
cuits formed by an nMOS process. 

19. The recording head according to daim 5, characterized in that lightly-doped regions (202) are formed in drains of 
the first pMOS transistor (104) and the second nMOS transistor (105) of said CMOS inverter circuit. 

20. The recording head according to daim 19. characterized in that a lightly-doped p-type impurity region (202) in the 
drain of said first pMOS transistor is shallower than an n-type region (203) serving as a pMOS substrate of said 
CMOS Inverter drcuit, and is deeper than a heavily-doped n-type impurity region (201) serving as a drain and 
source of said second nMOS transistor of said CMOS inverter circuit. 

21. The recording head according to claim 20. characterized in that a temperature sensor is formed as a diode having 
an npnp structure made up of the heavily-doped n-type impurity region (201) serving as the drain and source of 
said second nMOS transistor, the lightly-doped p-type impurity region (202) in the drain of said first pMOS transis- 
tor, and the n-type region (203) and a p-type substrate (204) serving as the pMOS substrate of said CMOS inverter 
circuit, so as to use the heavily-doped n-type impurity region (202) as a cathode (K) and the lightly-doped p-type 
impurity region (202) as an anode (A). 

22. The recording head according to claim 5, characterized in that said power transistor comprises a pMOS transistor, 
and lightly<ioped regions are formed in drains of the first pMOS transistor (104) and the second nMOS transistor 
(105) of said CMOS inverter circuit. 

23. The recording head according to daim 22. characterized in that a lightly-doped n-type impurity region (252) in the 
drain of said second nMOS transistor is shallower than a p-type region (253) serving as an nMOS substrate of said 
CMOS inverter drcuit. and is deeper than a heavily-doped p-type impurity region (251) serving as a drain and 
source of said first pMOS transistor of said CMOS inverter circuit. 
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24. The recording head according to claim 23. characterized in that a temperature sensor is formed as a diode having 
a pnpn structure made up of the heavily-doped p-type impurity region (251 ) serving as the drain and source of said 
first pMOS transistor, the lightly-doped n-type impurity region (252) in the drain of said second nMOS transistor, 
and the p-type region (253) and an n-type substrate (254) serving as the nMOS substrate of said CMOS inverter 
circuit, so as to use the heavily-doped p>-type impurity region (251) as an anode (A) and the lightly-doped n-type 
impurity region (252) as a cathode (K). 

25. The recording head according to claim 1 , characterized in that said power transistor comprises a pMOS transistor 
(501). and said voltage converter (740) has an inverter including at least one nMOS transistor (41 1), which boosts 
a voltage to be applied by receiving a print signal output from said logic circuit, and outputs the boosted voltage to 
a gate of said pMOS transistor, and 

said pMOS transistor (501) and said heater (701) are serially connected between a power supply line of said 
heater and ground in turn from the power supply line side. 

26. The recording head according to claim 25. characterized in that said pMOS transistor and nMOS transistor are off- 
set type transistors. 

27. The recording head according to claim 25. characterized in that said pMOS transistor and nMOS transistor are 
driven by a voltage on the predetermined power supply line (414). 

28. The recording head according to claim 25. characterized in that said heater, said pMOS transistor, and said nMOS 
transistor are formed on a p-type silicon substrate (204). 

29. The recording head according to claim 25. characterized in that said voltage converter includes a resistor (412) 
connected between said nMOS transistor and the power supply tine. 

30. The recording head according to any one of claims 1 . 9. 1 9, and 25. characterized in that said recording head is an 
ink-jet recording head that attains printing by ejecting ink. 

31 . The recording head according to claim 30. characterized in that the ink contacts said heater via an electric insulat- 
ing film, and is heated by said heater upon printing. 

32. The recording head according to any one of claims 1. 9. 19. and 25. characterized in that said recording head is a 
recording head that ejects ink using heat energy, and comprises a heat energy conversion element for generating 
heat energy to be applied to the ink. 

33. A ink-jet head cartridge having: 

a recording head of any one of claims 1. 9, 19; and 25; and 

an ink container for containing ink for supplying with said ink-jet head. 

34. A recording apparatus using a recording head of any one of claims 1. 9. 19. and 25. 
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